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The  benefits  of  promoting  renewable  energy  are  regularly  claimed  to  be  energy  security,  climate  change 
mitigation  and  job  creation.  While  the  first  two  benefits  are  generally  accepted,  the  impact  of 
renewable  energy  on  employment  is  still  disputed.  This  paper  presents  a  discussion  of  the  various 
factors  that  influence  the  analysis  of  renewable  energy  and  its  impact  on  employment.  The  advantages 
and  disadvantages  of  input-output  methods  and  analysis  methods  are  discussed  as  well  as  the  issues 
surrounding  the  measurement  of  job  creation.  A  critical  evaluation  of  the  literature  reveals  factors  that 
should  be  considered  when  completing  a  study  about  renewable  energy  and  employment:  labour 
intensity  of  renewables;  cost  increases  and  availability  of  investments;  counting  job  losses;  job  quality 
and  skills,  model  assumptions  and  sources  of  information.  Analytical  studies  using  extensive  surveys 
were  found  to  be  more  appropriate  for  regional  studies  while  input-output  methods  were  better  suited 
to  national  and  international  studies. 
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1.  Introduction 

Renewable  energy  is  playing  an  increasing  role  in  energy 
mixes  around  the  world,  including  Europe,  which  is  aiming  for  a 
target  of  20%  renewable  energy  by  2020  [1].  The  benefits  of 
renewable  energy  are  widely  accepted  to  include  a  decrease  in 
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greenhouse  gas  emissions  and  an  improvement  in  energy  secur¬ 
ity.  In  many  cases  job  creation  is  also  touted  as  a  benefit  but  this 
claim  stands  on  an  uncertain  footing. 

While  studies  often  present  renewable  energy  as  a  boost  to  the 
economy  through  the  generation  of  large  job  growth  [2-4]  there  are 
often  overly  optimistic  or  simplistic  assumptions  that  lead  to  these 
results.  In  some  cases  reasonable  assumptions  are  made  but  selective 
reporting  of  results  can  lead  to  a  false  impression  of  job  creation. 

This  paper  does  not  attempt  to  provide  a  complete  list  or 
review  of  studies  examining  the  impact  of  renewable  energy  on 


4668 


R.J.  Lambert,  P.P.  Silva  /  Renewable  and  Sustainable  Energy  Reviews  16  (2012)  4667-4674 


employment,  but  rather  presents  a  summary  of  the  issues  that  are 
often  ignored  when  discussing  the  impact  of  renewable  energy  on 
employment. 

In  reviewing  the  literature  it  can  be  seen  that  some  countries 
have  become  the  focus  of  studies  and  reports  about  renewable 
energy  and  employment.  In  Europe,  Germany  and  Spain  have 
routinely  been  referenced  due  to  an  increasing  contribution  from 
renewable  energy  sources,  in  part  due  to  the  targets  adopted  to 
meet  the  European  2020  renewable  energy  target. 

Germany’s  support  for  renewable  energy  has  generated  a 
number  of  studies,  many  of  which  are  critical  of  the  impact  of 
renewables  on  the  German  economy  [5-8],  Spanish  studies  have 
ranged  from  region-specific  [9,10]  and  technology-specific  [4,11] 
to  a  discussion  of  the  wider  economic  impact  [12], 

Outside  of  Europe  the  United  States’  push  for  “green  jobs”  and 
a  “green  economy”  has  sparked  debate  about  the  actual  impact  of 
promoting  renewable  energy  and  other  green  jobs  with  argu¬ 
ments  for  [13-15]  and  against  [16,17]. 

Following  this  introduction,  this  paper  will  present  the  most 
commonly  used  methods  for  analysing  the  impact  of  renewable 
energy  on  employment.  This  is  followed  by  a  discussion  of  how  to 
measure  job  creation  and  then  a  discussion  of  important  factors 
related  to  renewable  energy  and  employment.  Finally  some 
conclusions  and  suggestions  are  made  to  address  the  issues 
highlighted  in  this  report. 

2.  Methods  to  analyse  the  impact  of  renewable  energy  on 
employment 

Studies  analysing  the  impact  of  renewable  energy  on  employ¬ 
ment  can  be  broadly  categorised  into  two  categories:  Input- 
Output  (I-O)  methods  and  analytical  methods,  both  with  their 
own  distinct  advantages  and  disadvantages. 

2.3.  Input-Output  methods 

1-0  methods  offer  the  ability  to  model  impacts  of  a  sector  on 
all  the  other  sectors  of  an  economy  and  are  typically  used  for 
determining  the  economic  impacts  of  a  particular  investment  or 
activity.  Using  the  1-0  method  it  is  also  possible  to  analyse  the 
employment  impacts  across  the  economy  by  increasing  or  redu¬ 
cing  demand  in  a  particular  sector.  Such  examples  include 
international  or  national  estimates  of  employment  [5,11,18].  A 
coefficient  (also  known  as  a  multiplier)  is  used  to  describe  the 
relationship  between  output,  employment  and  income  of  one 
sector  on  other  sectors  of  the  economy. 

Input-Output  methods  can  calculate  a  number  of  different 
effects: 

i.  Direct  effects — due  to  demand  for  goods  and  services  in  sectors 
of  economy  directly  impacted  by  an  activity.  E.g.  investing  in  a 
windfarm,  or  constructing  a  new  biomass  plant. 

ii.  Indirect  effects — the  impact  that  the  activity  has  on  productive 
sectors  not  directly  impacted.  E.g.  the  impact  on  the  steel 
industry  by  building  a  new  wind  turbine. 

iii.  Induced  effects — related  to  the  expansion  of  private  expendi¬ 
ture  on  goods  and  services. 

In  this  way  the  number  of  direct  jobs  and  indirect  jobs  can  be 
calculated.  This  is  in  contrast  to  analytical  methods  which  can 
only  determine  direct  employment.  1-0  methods  typically  use 
comparison  of  different  scenarios  to  determine  the  total  impact 
on  employment. 

A  significant  limitation  of  the  1-0  method  is  the  dependence 
on  the  coefficients  used.  These  coefficients  are  static  and  do  not 


always  account  for  technological  improvements,  import  sub¬ 
stitution,  changing  consumption  or  relative  price  variations 
over  time  [19]. 

As  discussed  in  Caldes  et  al.  [11]  homogeneity  of  sectors  is  also 
assumed,  implying  that  consumption  of  goods  and  services  and 
use  of  production  is  considered  equal  among  different  activities  in 
the  same  sector.  1-0  methods  also  assume  that  there  is  no  limit  to 
the  amount  that  a  particular  sector  can  produce. 

Another  disadvantage  of  1-0  studies  is  the  time  lag  between 
data  collection  and  publication.  For  example  Caldes  et  al.  [11] 
used  the  most  recent  official  input-output  data  available  for  a 
study  of  Spain  with  data  from  2000  only  being  published  in  2007. 
While  this  data  is  useful  for  determining  historical  impacts  it  is 
not  a  current  snapshot  of  the  economy,  decreasing  the  accuracy  of 
forecasts  produced  with  this  data. 

Input-output  data  is  usually  only  available  on  a  national  level, 
making  it  difficult  to  use  this  data  for  regional  or  provincial 
studies.  Madlener  and  Roller  [20]  attempted  to  regionalise  Aus¬ 
trian  1-0  tables  to  determine  the  impact  of  promoting  biomass  in 
Austria  by  estimating  the  amount  of  national  product  produced  in 
their  region  of  interest.  Usually  an  analytical  method  based  on  job 
ratios  and  surveys  is  used  for  this  type  of  study. 

Some  studies  (e.g.  [6])  have  attempted  to  address  the  limita¬ 
tions  of  the  input-output  method  by  computing  marginal  affects, 
with  the  addition  of  other  models,  rather  than  relying  on 
averaged  affects.  Hybrid  methods  combining  1-0  methods  and 
extensive  surveys  have  also  been  used,  such  as  in  the  case  of  Lehr 
et  al.  [5[. 

2.2.  Analytical  methods 

Analytical  methods  are  commonly  used  for  regional  or  pro¬ 
vincial  studies  where  the  input-output  method  cannot  easily  be 
applied.  The  method  is  usually  reliant  on  extensive  surveys  [4,9]. 

While  the  analytical  method  may  not  be  able  to  determine 
indirect  jobs  (only  direct  jobs),  it  can  be  a  more  transparent 
model,  easily  understood  by  other  authors  and  able  to  have 
sensitivity  evaluated. 

Blanco  and  Rodrigues  [4]  highlight  the  limitations  of  using 
analytical  methods.  When  surveys  are  used  the  subject  of  the 
survey  needs  to  be  properly  identified  with  the  whole  population 
or  a  representative  sample  used  for  the  survey.  The  questions  in 
the  survey  need  to  avoid  unbiased  answers.  When  an  official 
register  is  used,  the  reliability,  accuracy  and  comprehensiveness 
of  the  employment  data  need  to  be  considered.  As  noted  in 
Satresa  et  al.  [9]  the  accuracy  of  data  is  related  to  the  objective 
of  the  agents  involved.  For  example  industrial  associations  are 
more  likely  to  have  current  employment  information  than  energy 
agencies,  where  the  accuracy  of  employment  data  is  secondary  to 
other  information. 

An  example  of  an  extensive  employment  survey  is  the  2010 
National  Solar  Jobs  Census  [21]  undertaken  by  The  Solar  Founda¬ 
tion  in  the  U.S.  This  census  of  solar  businesses  in  the  U.S.  provides 
a  snapshot  of  current  employment  in  the  solar  industry.  This  type 
of  survey  can  be  an  important  foundation  on  which  to  build 
accurate  projections  of  employment. 

3.  Measuring  job  creation 

Input-output  and  analytical  methods  provide  the  frame¬ 
work  for  determining  the  number  of  jobs  created,  but  as  the 
body  of  literature  concerning  renewable  energy  and  employ¬ 
ment  grows  it  has  become  increasingly  obvious  that  there  is  no 
consensus  on  how  best  to  measure  job  creation,  especially  for 
particular  technologies. 
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A  review  of  the  literature  will  find  numerous  ways  of  measur¬ 
ing  jobs  created:  Jobs  per  annual  MW  installed,  jobs  per  cumu¬ 
lative  MW  installed,  manufacturing  jobs  per  MW,  person-year  per 
MW,  one-year  jobs  among  others.  Usually  either  of  two  forms  is 
used:  jobs  per  MW  installed  and  person-year  per  MW  installed. 
This  difference  is  usually  an  attempt  to  give  an  indication  of 
which  stage  the  jobs  are  created.  Typically  jobs  per  MW  installed 
is  used  to  indicate  the  number  of  permanent  jobs  created  in  the 
operation  and  maintenance  phase,  while  person-year  per  MW  is 
used  for  temporary  jobs  in  the  construction  phase. 

Jobs  in  person-years  per  MW  can  be  converted  to  jobs  per  MW 
by  dividing  by  the  life  of  the  system.  For  example  a  value  of  30 
person-years  per  MW  installed  in  the  manufacturing  stage, 
becomes  1  job  per  MW  installed  over  a  life  time  of  30  years. 
While  this  enables  job  ratios  in  different  forms  to  be  compared  it 
gives  little  information  about  when  the  jobs  are  created.  In  this 
example  the  jobs  are  not  evenly  distributed  at  the  lifetime  of  the 
system  but  are  most  likely  concentrated  in  the  initial  phases. 

There  is  also  disagreement  about  how  to  account  for  the 
location  and  temporal  nature  of  jobs.  Sastresa  et  al.  [9]  gives  the 
example  of  a  German  study  by  Lehr  et  al.  [5]  where  installers  are 
added  to  the  operation  and  maintenance  job  ratio  to  differentiate 
between  local  jobs  and  jobs  that  may  be  created  in  a  distant 
manufacturing  plant.  Other  studies  such  as  EPRI  [22]  add  jobs  to 
the  installation  stage  to  distinguish  between  temporary  and 
permanent  employment. 

Denmark  is  often  used  as  an  example  of  how  job  ratios  can  be 
misleading  when  there  is  lack  of  clarity  over  whether  jobs  are 
local  or  have  an  export  component,  as  discussed  by  Dalton  and 
Lewis  [23].  Denmark  has  a  large  wind  turbine  manufacturing 
sector  (high  jobs  rate)  with  most  of  the  components  exported 
(low  local  deployment).  This  falsely  inflates  the  job  per  MW  ratio. 
Dalton  and  Lewis  [23]  also  note  a  lack  of  clarity  between 
cumulative  or  non-cumulative  installed  figures  in  some  studies. 

Sastresa  et  al.  [9]  attempted  to  provide  a  solution  to  addres¬ 
sing  the  local  and  export  content  of  jobs  and  temporal  nature  of 
jobs  in  their  study  of  the  local  impact  of  renewable  energy  in  a 
province  of  Spain.  Sastresa  et  al.  [9]  conducted  an  extensive 
survey  or  renewable  energy  companies  and  related  parties  to 
determine  the  number  of  direct  jobs  that  existed  in  the  province 
of  Aragon. 

The  authors  considered  that  renewable  energy  projects  could 
be  grouped  into  three  categories,  (rather  than  the  traditional  two 
of  operation  and  maintenance,  and  installation): 

1.  Technological  development — more  likely  to  be  a  foreign  job, 
stable  and  very  highly  specialised. 

2.  Installation/uninstallation — more  likely  to  be  local,  temporary, 
highly  specialised. 

3.  Operation  and  maintenance — local,  stable  and  medium 
specialisation. 

This  grouping  allowed  a  job  ratio  to  be  determined  for  each  of 
the  three  categories,  making  it  clear  how  many  jobs  were  created 
at  each  phase  of  the  life  cycle  of  the  renewable  energy  project. 
Based  on  the  results  of  the  extensive  survey  Sastresa  et  al.  [9] 
determined  job  ratios  for  different  renewable  energy  technologies 
such  as  wind,  solar  thermal  and  photovoltaics. 

The  job  ratio  results  of  Sastresa  et  al.  [9],  while  specific  to  the 
province  of  Aragon  in  Spain,  present  an  interesting  relationship 
between  cumulative  installed  renewable  energy  capacity  and  the 
employment  ratio  over  time  (see  Fig.  1 ).  As  can  be  seen  in  Fig.  1  as 
cumulative  installed  power  increased  the  employment  ratio 
decreased  (with  the  exception  of  a  slight  rise  the  year  2000, 
when  the  Plan  for  the  Promotion  of  Renewable  Energy  in  Spain 
was  introduced)  becoming  more  stable  in  recent  years. 
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Fig.  1.  Evolution  of  employment  ratio  over  time  in  Aragon,  Spain. 
Source :  Sastresa  et  al.  [9], 


Table  1 

Varying  job  ratios  for  wind  energy.  Gathered  from  [4], 


Country 

Job  ratio  (direct  jobs/MW  installed) 

Belgium 

6.97 

Denmark 

5.44 

Austria 

0.76 

Czech  Republic 

0.86 

Spain 

1.35 

Germany 

1.71 

France 

2.44 

These  results  provide  evidence  that  while  the  promotion  of 
renewable  energy  causes  peaks  in  the  generation  of  local  jobs 
through  temporary  installation  and  construction  jobs,  as  these 
jobs  come  to  an  end  the  employment  ratio  stabilises  as  operation 
and  maintenance  jobs  take  over.  Notably  estimated  job  ratios 
varied  widely  between  renewable  technologies.  The  calculated 
total  job  ratio  for  wind  energy  was  0.86  jobs/MW,  solar  thermal 
43  jobs/MW  and  photovoltaics  38  jobs/MW  [9[.  This  demon¬ 
strates  that  job  ratios  from  one  technology  cannot  simply  be 
applied  to  another. 

Job  ratios  are  often  used  to  justify  claims  that  specific  forms  of 
renewable  energy  technology  can  create  a  certain  amount  of  jobs. 
This  must  be  done  with  care  however  as  there  is  a  large  range  of 
job  ratios  for  each  technology.  Table  1  highlights  the  danger  of 
using  job  ratios  from  other  studies  or  locations  by  comparing  job 
ratios  for  wind  energy  in  different  countries.  While  all  these  job 
ratios  were  determined  using  the  same  method  it  is  not  possible 
to  determine  a  common  value  that  could  be  applied  to  all 
countries. 

While  analytical  methods  generally  only  determine  direct  jobs 
there  can  be  some  ambiguity  surrounding  what  is  a  direct  and 
indirect  job.  Generally  direct  jobs  refer  to  manufacturing  only  but 
in  some  cases  installation  is  also  included  [23].  This  confusion  can 
be  avoided  by  using  guidance  from  professional  organisations 
where  possible.  For  example  EWEA  provides  a  definition  of  what 
is  a  direct  and  indirect  job  for  wind  energy  [24].  In  any  case  the 
definition  of  what  is  considered  a  direct  or  indirect  job  should  be 
clearly  defined  in  individual  studies. 

Gillen  [25]  suggests  that  using  jobs  per  MW  to  compare  job 
creation  between  renewable  energy  technologies  and  conven¬ 
tional  energy  generation  is  flawed.  Gulen  [25]  suggests  an  alter¬ 
native  job  ratio — jobs  per  dollar  invested;  to  more  accurately 
compare  the  economic  efficiency  of  generation  technologies.  This 
method  was  illustrated  by  Fluntington  [26]  who  produced  a  table 
comparing  jobs  per  MW  and  jobs  per  dollar  invested  (shown  in 
part  in  Table  2). 
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Table  2 

Comparison  of  Jobs/MW  and  Jobs/$  for  different  generation  technologies.  Based  on  Huntington  [26], 


(i) 

Jobs/MWa 

(2) 

Jobs/GWh 

(3) 

Jobs/SMillion  based 
on  Metcalf  costs 

(4) 

Jobs/SMillion  based  on 

EIA  estimate  cost 

(5) 

Metcalf  levelised 
cost  S/kWh 

(6) 

EIA  levelised  cost 
for  2016  S/kWh 

Photovoltaics  (low) 

7.41 

0.85 

2.79 

4.01 

0.303 

0.2107 

Photovoltaics 

10.56 

1.21 

3.98 

5.72 

0.303 

0.2107 

Wind  (low) 

0.71 

0.08 

1.44 

0.84 

0.056 

0.097 

Wind 

2.79 

0.32 

5.66 

3.28 

0.056 

0.097 

Biomass  (low) 

0.78 

0.09 

1.58 

0.79 

0.056 

0.1125 

Biomass 

2.84 

0.32 

5.75 

2.88 

0.056 

0.1125 

Coal 

1.01 

0.12 

3.27 

1.22 

0.035 

0.0948 

Natural  gas 

0.95 

0.11 

1.80 

1.64 

0.060 

0.0661 

Explanation: 

Column  (1 ):  Jobs  per  MW  adjusted  for  capacity  factor  and  averaged  over  a  year.  Based  on  averages  determined  from  a  review  of  U.S.  and  European  studies  (Source:  [27]). 
Column  (2):  Column  (1)  x  103^8760. 

Column  (3):  Jobs  per  million  dollars  (2009  dollars)  based  on  Metcalf  [28]  cost  estimates  as  used  by  Huntington  [26],  Column  (2)  Column  (5). 

Column  (4):  Jobs  per  million  dollars  (2009  dollars)  based  on  EIA  Annual  Energy  Outlook  2011  total  system  levelised  cost  in  2016.  Column  (2)  :  Column  (6). 

Column  (5):  Levelised  cost  of  generation  from  Metcalf  [28]  as  used  by  Huntington  [26],  Adjusted  from  2004  to  2009  dollars. 

Column  (6):  Levelised  cost  of  generation  for  plants  entering  service  in  2016  based  on  EIA  Annual  Energy  Outlook  2011  [29],  In  2009  dollars. 


The  table  presents  values  for  several  renewable  energy  tech¬ 
nologies  as  well  as  the  conventional  technologies  of  coal  and 
natural  gas.  Note  that  Photovoltaics  (low),  Wind  (low),  Biomass 
(low)  are  the  lowest  job  ratio  estimates  based  on  a  review  by 
Kammen  et  al.  [27].  The  levelised  cost  used  by  Huntington  [26] 
(column  5)  to  calculate  jobs  per  million  dollars  is  taken  from  a 
report  by  Metcalf  [28].  All  dollar  values  in  Table  2  are  in  2009  $US, 
Metcalf  [28]  values  were  adjusted  from  2004  values  based  on 
annual  averages  of  the  U.S.  Consumer  Price  Index. 

Note  that  decreasing  the  levelised  cost  of  renewables  will 
improve  the  number  of  jobs  created  per  dollar  invested  (assuming 
the  jobs  per  MW  ratio  remains  the  same).  To  highlight  the  impact 
levelised  cost  can  have  on  the  jobs  per  dollar  invested  ratio,  an 
additional  column  (column  4)  has  been  added,  using  the  pre¬ 
dicted  2016  levelised  cost  of  the  EIA  Annual  Energy  Outlook  2011 
[29]  (shown  in  column  6). 

The  values  taken  from  Huntington  [26]  demonstrate  that  there 
may  be  little  difference  in  job  creation  between  renewable  and 
conventional  energy  generation,  contradictory  to  what  is  often 
assumed  in  studies,  although  this  conclusion  is  highly  dependent 
on  the  jobs  per  MW  ratio  used.  However  it  can  also  be  seen  that  as 
the  levelised  cost  of  renewable  energy  generation  changes  there  is 
also  a  corresponding  change  in  the  jobs  per  dollar  invested  ratio. 
If  the  levelised  cost  of  renewables  decreases  in  the  future, 
renewables  will  become  more  economically  attractive  in  compar¬ 
ison  to  conventional  technologies. 


4.  Factors  that  affect  job  estimates 

This  section  will  discuss  various  factors  that  affect  estimations 
of  job  creation  and  job  estimates.  Some  of  these  factors  are  only 
briefly  mentioned  in  reports  but  consideration  of  all  these  issues 
is  important  when  making  an  overall  claim  about  renewable 
energy  and  employment. 

Michaels  and  Murphy  [16]  and  Gillen  [25]  both  provide 
interesting  (non-peer  reviewed)  critiques  with  a  particular  focus 
on  the  United  States.  A  2009  study  of  the  Spanish  renewable 
energy  industry  [12]  supports  the  sentiment  of  Michaels  and 
Murphy  [16]  and  Gillen  [25],  urging  caution  in  implementing  a 
Spanish/EU  style  green  jobs  agenda  in  the  U.S.  due  to  an  overall 
negative  impact  on  employment. 

A  similar  argument  has  also  been  used  for  the  UK.  In  his  2011 
report  focused  on  the  UK  Governments  C02  targets  Hughes  [30] 
also  claims  that  the  promotion  of  renewables  creating  growth  and 


jobs  is  an  “illusion”,  arguing  that  based  on  the  total  economic 
impact  of  promoting  renewables  in  the  UK  that  there  will  not  be 
any  job  growth. 

Bowen  [31]  also  highlighted  that  macroeconomic  impacts  of 
renewables  must  be  considered  but  adds  that  the  impact  of 
renewables  will  vary  depending  on  the  structure  of  the  economy. 
For  example  the  arguments  against  promoting  ‘green’  jobs  in  the 
U.S.  may  not  be  valid  to  apply  to  a  developing  country. 

All  of  these  authors  (and  others)  cite  a  number  of  factors  that 
must  be  considered,  but  are  often  ignored,  when  discussing  the 
impact  promoting  renewable  energy.  The  various  factors  have 
been  separated  in  this  section  but  are  inextricably  interconnected. 
All  of  these  factors  must  be  considered  together  when  making  an 
evaluation  of  the  impact  of  renewable  energy  on  employment. 

4.1.  Labour  intensity  of  renewable  energy 

The  labour  intensity  of  renewable  energy  has  been  discussed 
by  both  Frondel  et  al.  [7]  and  Michaels  and  Murphy  [16].  As  noted 
by  del  Rio  and  Burguillo  [32]  studies  generally  show  that  renew¬ 
able  energy  is  more  labour  intensive  than  conventional  energy. 
For  example  a  given  amount  of  workers  in  the  renewable  energy 
sector  will  produce  less  energy  than  the  same  amount  of  workers 
in  the  conventional  energy  sector,  i.e.  renewable  energy  is  less 
efficient  per  worker  than  conventional  forms  of  generation. 

In  a  review  of  several  U.S.  studies  Michaels  and  Murphy  [16] 
concluded  that  in  the  studies  reviewed  all  assumed  that  the 
higher  labour  intensity  of  renewable  energy  compared  to  con¬ 
ventional  forms  of  generation  is  an  advantage.  However  this  claim 
encourages  using  technology  that  decreases  the  output  of  the 
economy.  Thus  promoting  renewable  energy  technologies  over 
other  forms  of  generation  is  counterproductive  to  net  job  creation 
and  economic  growth  by  driving  down  productivity  through 
increased  costs  [16],  Frondel  et  al.  [7]  agrees  with  this  sentiment 
with  the  support  of  several  studies  including  Hillebrand  et  al.  [6] 
and  Hughes  [30]. 

Given  this  potential  negative  impact  of  renewable  energy  the 
higher  labour  intensity  of  renewable  energy  technologies  should 
not  automatically  be  considered  a  benefit  in  studies. 

4.2.  Cost  increases  and  availability  of  investment 

Along  with  direct  job  losses  in  the  conventional  energy 
industry  (discussed  in  4.3),  promotion  of  renewable  energy  could 
also  cause  job  losses  through  the  drain  on  economic  activity 
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caused  by  higher  electricity  prices  [7,16].  Lesser  [17]  dubs  the 
ignorance  of  higher  electricity  prices  that  result  from  supporting 
renewable  energy  as  “free-lunch  economics”,  as  the  full  impact  of 
supporting  renewables,  particularly  through  subsidies  and  man¬ 
dates,  is  often  ignored  in  job  studies. 

As  discussed  by  Lesser  [17],  Michaels  and  Murphy  [16]  and 
Frondel  et  al.  [7]  higher  electricity  prices  lead  to  a  loss  of 
purchasing  power  for  private  consumers.  With  less  money  to 
spend  consumers  decrease  consumption  of  goods  and  services 
leading  to  job  losses  in  other  industries. 

Increasing  investment  in  renewable  energy  systems  means 
that  less  money  is  available  to  be  invested  in  other  sectors.  In 
effect  the  total  amount  of  investment  available  from  industry  may 
be  reduced,  with  the  resultant  loss  of  purchasing  power  and 
investment  capital  also  reducing  employment  in  other  sectors 
[30,33], 

4.3.  Counting  job  losses  and  treatment  of  the  labour  market 

An  estimation  of  the  impact  of  implementing  renewable 
energy  is  incomplete  without  consideration  of  resulting  job 
losses,  both  job  losses  due  to  the  replacement  of  conventional 
sources  of  generation  and  job  losses  resulting  from  increased 
energy  prices  and  reduced  consumption  of  other  goods  and 
services.  Studies  warning  of  the  impact  of  crowding  out  conven¬ 
tional  energy  sources  include  Pfaffenberger  et  al.  [8]  and  Frondel 
et  al.  [7],  while  studies  warning  of  increasing  energy  costs  include 
Lehr  et  al.  [5]  and  Hillebrand  et  al.  [6[. 

The  Employ-RES  study,  which  found  that  promotion  of  renew¬ 
able  energy  will  create  a  net  increase  in  jobs  in  Europe,  acknowl¬ 
edged  that  the  total  effect  of  renewable  energy  on  employment 
was  strongly  dependent  on  energy  cost  increases,  with  higher 
costs  dampening  the  employment  increase  [18],  Lehr  et  al.  [5] 
share  this  sentiment  in  their  report  about  renewable  energy  and 
employment  in  Germany. 

In  a  study  of  Aragon  in  Spain,  Sastresa  et  al.  [9]  concluded  that, 
at  least  historically,  job  losses  in  the  conventional  energy  sector 
cannot  be  solely  blamed  on  the  uptake  of  renewable  energy  as 
their  results  showing  the  trend  between  employment  between 
the  two  sectors  would  initially  suggest  (see  Fig.  2).  The  authors 
concluded  after  studying  the  electricity  mix  of  Aragon  that  the 
slowing  down  of  employment  in  the  conventional  energy  sector 
was  due  to  factors  such  as  the  replacement  of  thermoelectric 
plants  with  less  employment  intensive  alternatives  such  as 
cogeneration  or  combined  cycle.  While  this  situation  may  not 
be  representative  of  all  cases  this  is  an  important  point  to 
consider  before  placing  blame  of  decreasing  employment  in  the 


Fig.  2.  Evolution  of  employment  in  the  conventional  energy  sector  and  in  the 
renewable  energy  sector. 

Source:  [9], 


conventional  energy  sector  on  the  promotion  of  renewable  energy 
technology. 

Job  ‘shifting’  from  one  economic  sector  to  others  must  also  be 
considered.  The  workers  that  are  employed  in  the  renewable 
energy  industry  may  not  come  from  the  pool  of  unemployed,  a 
point  vigorously  highlighted  by  Michaels  and  Murphy  [16]  and 
Gillen  [25].  At  least  some  of  the  skilled  workers  will  move  from 
another  job,  resulting  in  no  net  increase  in  employment.  In 
addition  input-output  analyses  assume  an  unlimited  pool  of 
unemployed  [16]  an  unrealistic  assumption  that  could  cause 
overestimation  of  the  creation  of  employment. 

4.4.  Job  quality  and  job  skills 

While  job  ratios  can  be  used  to  describe  the  amount  of  jobs 
that  are  created,  describing  the  type  of  jobs  created  is  much  more 
difficult.  Usually  temporary  jobs  are  considered  less  skilled  than 
more  stable  jobs. 

A  novel  approach  to  describe  the  quality  of  jobs  created  was 
introduced  by  Sastresa  et  al.  [9].  To  give  an  indication  of  the  local 
component  of  a  job  and  the  skill  level  required  Satresa  et  al.  [9] 
introduced  a  Quality  Factor  for  each  technology,  with  the  Quality 
Factor  ranging  between  1  and  —1.  A  Quality  Factor  (QF)  of 
1  would  indicate  a  very  specialised,  stable  and  local  job  while  a 
factor  of  - 1  indicates  the  opposite.  The  QF  was  calculated  using 
adjustment  factors  for  territoriality,  temporal  nature  of  job  and 
specialisation  of  job  (called  ‘indicators’  by  the  authors)  but  the 
exact  adjustment  factors  are  not  described  in  detail  by  the 
authors. 

The  results  of  Sastresa  et  al.  [9]  indicate  a  positive  QF  for  wind 
energy  in  Aragon  and  a  negative  quality  factor  for  solar  thermal 
and  photovoltaics,  indicating  that  wind  energy  generated  higher 
quality  jobs  than  other  technologies  (see  Table  3). 

While  the  method  presented  by  Sastresa  et  al.  [9]  provides  a 
unique  way  to  reflect  the  temporal  nature,  territoriality  and 
specialisation  of  jobs  created,  it  is  reliant  on  subjective  ‘adjust¬ 
ment  factors’  that  are  not  defined  in  the  paper.  Without  these 
adjustment  factors  it  is  not  possible  for  other  authors  to  make  a 
clear  judgement  on  the  use  of  the  Quality  Factor  and  to  determine 
the  sensitivity  of  results  to  the  adjustment  factors  chosen.  For 
example  Sastresa  et  al.  [9]  implies  that  more  specialised  jobs  in 
the  technological  development  stage  (such  as  R&D,  and  which  are 
more  likely  to  be  foreign  than  local,  see  Section  3)  are  higher 
quality  than  operation  and  maintenance  jobs.  While  specialised 
jobs  may  attract  a  higher  income  it  seems  a  somewhat  judge¬ 
mental  argument  to  assume  that  operation  and  maintenance  jobs 
that  could  provide  local  jobs  to  people  with  low  specialisation  of 
skills  are  ‘lower  quality’  and  therefore  less  attractive  to  create 
compared  to  ‘high  quality'  jobs. 

Del  Rio  and  Burguillo  [32]  disagree  with  the  implication  of 
Satresa  et  al.  [9]  in  their  study  of  the  impact  of  renewables  on 
local  sustainability.  In  the  case  of  renewable  energy  placed  in  a 
rural  location,  jobs  with  low  skill  requirements  are  likely  to 
provide  more  employment  benefits  to  the  local  community  than 
high-skilled  jobs,  due  to  the  likely  low  skills  of  rural  workers  [32]. 
The  greater  the  need  for  low  skilled  workers,  the  greater  the 


Table  3 

Quality  factor  results  for  renewable  energy  in 
Aragon  Spain  [9]. 


Quality  factor 

Wind 

0.61 

Solar  thermal 

-0.90 

Photovoltaics 

-0.54 
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positive  impact  on  the  community,  with  job  opportunities  for  the 
unemployed. 

4.5.  Gross  vs.  net  employment 

The  way  job  statistics  and  study  results  are  presented  can  lead 
to  an  overly  optimistic  impression.  For  this  reason  it  is  important 
that  the  difference  between  gross  and  net  employment  effects  is 
clarified.  Gross  effects  include  only  the  positive  impact  on 
employment  while  net  effects  include  both  positive  and  negative 
impacts,  leading  to  an  overall  impact  on  employment.  In  some 
studies  it  is  unclear  if  gross  or  net  values  are  being  quoted. 

For  example  the  EmployRES  study  [18]  which  examined 
employment  effects  of  renewable  energy  in  Europe  included 
analysis  of  many  economic  effects  leading  to  an  estimation  of  a 
total  net  increase  of  115,000  to  417,000  jobs  by  2020.  The  total 
gross  employment  was  determined  to  be  2.3  million  to  2.8  million 
jobs  (where  the  upper  estimation  was  based  on  an  aggressive 
policy  scenario).  While  the  distinction  between  these  values  was 
made  clear  in  the  report  and  policy  summary,  this  report  was 
quoted  in  a  communication  to  the  European  parliament:  “by  2020 
[renewable  energy]  could  employ  a  further  3  million”  [34].  While 
this  statement  is  strictly  true,  quoting  the  upper  limit  of  gross 
employment  values  leads  to  an  overly  optimistic  impression  of 
how  many  jobs  are  actually  being  created  in  the  economy. 

4.6.  Dependence  on  model  assumptions 

The  outcome  of  macroeconomic  and  input-output  studies  is 
heavily  dependent  on  the  assumptions  made.  While  this  may 
seem  an  obvious  statement  in  some  cases  without  aggressive  or 
optimistic  scenarios  there  is  negligible  net  job  growth. 

Such  is  the  case  with  the  EmployRES  study  [18]  of  the  impact 
of  renewable  energy  on  employment  in  the  EU27.  This  study 
compared  the  results  of  several  models  and  considered  many  of 
the  impacts  discussed  previously,  including: 

•  Changes  in  demand  of  the  conventional  energy  sector, 

•  Energy  price  changes, 

•  Changes  in  industry  investment, 

•  Increase  in  investment  of  renewable,  and  decreasing  invest¬ 
ment  in  the  conventional  energy  sector. 

Two  scenarios  were  considered  in  the  study:  continuing  with 
current  renewable  energy  policy  in  a  Business  As  Usual  (BAU) 
scenario  and  a  hypothetical  scenario  with  stronger  support  for 
renewables  known  as  the  Accelerated  Deployment  Policies  sce¬ 
nario  (ADP).  Three  export  projections  were  also  made:  pessimistic 
export  (PE)  which  is  a  hypothetical  scenario  used  as  a  reference 
where  all  European  renewable  policy  is  abandoned,  moderate 
export  (ME)  and  optimistic  export  (OE). 

The  EmployRES  report  concluded  that  with  the  BAU  scenario 
assuming  a  moderate  export  projection  there  is  a  net  increase  of 
115,000-201,000  jobs  in  2020  (and  396,00-417,000  jobs  in  ADP- 


ME  scenario)  compared  to  the  hypothetical  no  policy  scenario. 
These  values  must  be  used  with  caution.  Given  that  current 
European  policy  promotes  a  20%  renewable  energy  target  it  is 
unlikely  that  that  the  reference  no  policy  scenario  will  occur, 
meaning  that  actual  net  increase  in  jobs  will  be  less  than  quoted. 
It  is  interesting  to  note  that  even  in  the  no  policy  scenario  there 
was  still  growth  in  the  renewable  energy  sector. 

As  acknowledged  by  the  authors  of  the  study  this  growth  on 
employment  was  dependent  on  the  competitiveness  of  European 
exports.  To  achieve  a  more  significant  increase  in  employment  a 
hypothetical  and  more  aggressive  renewable  energy  policy  was 
needed. 

A  similar  result  was  found  by  Lehr  et  al.  [5[.  Without  strong 
international  expansion  renewable  energy  was  not  able  to  deliver 
a  significant  employment  benefit  to  Germany.  However  despite 
this  the  model  still  predicted  a  small  net  increase  in  employment 
in  Germany  in  2020. 

Due  to  Germany’s  strong  renewable  energy  policy  there  have 
been  several  studies  aiming  to  determine  the  effect  on  the 
German  economy  including  Lehr  et  al.  [5],  Frondel  et  al.  [7], 
Pffanberger  et  al.  [8]  and  Hillebrand  et  al.  [6[.  The  Hillebrand  et  al. 
[6]  study  modelled  the  economic  impact  of  German  renewable 
energy  policy,  including  feed-in  tariffs,  using  an  input-output 
economic  model  with  additional  models  to  model  the  marginal 
(rather  than  average)  effects.  Two  scenarios  were  computed:  a 
reference  scenario  where  the  share  of  renewable  energy  does  not 
change  and  a  second  scenario  where  the  share  of  renewables  is 
expanded. 

The  Hillebrand  et  al.  [6]  model  included: 

•  The  effects  of  changes  in  investment  in  renewable  and  con¬ 
vention  energy  sectors, 

•  Investment  needed  to  upgrade  the  electricity  grid, 

•  Modification  of  the  power  plant  fleet.  Instead  of  combined 
cycle  gas  turbines  for  base  load,  more  flexible  gas  turbines  will 
be  needed  to  cope  with  the  variability  of  power, 

•  Increase  in  cost  of  electricity, 

•  Effect  on  foreign  imports. 

Hillebrand  et  al.  [6]  concluded  that  the  overall  impact  of 
promoting  renewable  energy  results  is  a  slightly  negative  impact 
on  employment.  The  study  observed  two  clear  impacts  on 
employment: 

1 .  An  expansive  effect  caused  by  investment  in  renewable  energy 
systems  increasing  production  and  employment  in  related 
sectors. 

2.  A  contractive  effect  caused  by  an  increase  in  electricity  prices. 
This  leads  to  reduced  demand  and  investment  in  other  sectors. 

Initially  the  expansive  effect  dominates  but  in  later  years  the 
effect  of  increased  costs  and  reduction  in  new  renewable  energy 
facilities  counteracts  the  expansive  effect,  resulting  in  a  small  net 
loss  of  jobs  compared  to  the  reference  scenario. 


Table  4 

Comparison  of  renewable  energy  job  forecasts  for  the  U.S.  2020-2030. 


Jobs  forecast 

Assumptions 

Methodology 

Source 

274,000  (2025) 

25%  of  electricity  from  renewables  by  2025 

Direct,  indirect  and  induced  jobs  related  to  project  development,  manufacturing, 
construction  and  operation 

[351 

802,000  (2028) 

40%  of  electricity  from  renewables 

Direct  and  indirect  jobs.  Jobs  estimated  using  coefficient  for  jobs/MWh  installed 
capacity  for  different  technologies  (not  given  in  report) 

[13] 

900,000  (2020)- 
1.15  mil  (2030) 

Aggressive  renewable  energy  and  energy 
efficiency  scenario 

Net  employment  effect,  direct  and  indirect  jobs.  Input/output  method  based  on 
projected  costs  of  deploying  renewables 

[14] 
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This  scenario  is  specific  to  Germany  but  shows  the  importance 
of  comparing  to  a  relevant  reference  scenario  and  considering  the 
net  effect,  rather  than  just  the  gross  effect. 

The  impact  of  model  assumptions  can  be  seen  by  comparing 
different  forecasts  of  new  renewable  energy  jobs  in  the  U.S.  for 
the  period  2020-2030.  Table  4  highlights  the  variety  of  job 
estimates  in  the  literature  and  the  effect  of  different  assumptions. 
Table  4  demonstrates  that  it  is  necessary  to  use  caution  if 
selecting  the  results  of  a  particular  study. 

Note  that  in  Table  4  the  estimate  of  the  Management  Informa¬ 
tion  Services  [14]  report  is  significantly  higher.  The  job  forecast  of 
this  report  is  for  renewable  energy  industry  jobs  but  it  is 
important  to  note  that  this  job  estimate  takes  into  account  the 
potential  impact  of  energy  efficiency.  The  savings  from  imple¬ 
menting  energy  efficiency  reduce  the  negative  impact  of  the 
higher  costs  of  renewable  energy.  Based  on  a  detailed  input- 
output  analysis  the  report  concludes  that  with  an  aggressive 
scenario  for  renewable  energy  and  energy  efficiency  there  can 
be  a  net  creation  of  jobs,  reduction  in  emissions  and  net  costs  of 
near  zero  by  2030.  The  approach  taken  by  this  model  suggests 
that  energy  efficiency  may  be  an  effective  way  of  softening  the 
economic  costs  of  renewable  energy. 

4.7.  Potential  influence  of  sources  of  information 

The  review  of  the  literature  conducted  for  this  paper  revealed 
that  care  must  be  taken  when  using  the  results  of  studies, 
particularly  for  non-peer  reviewed  studies  which  have  the  poten¬ 
tial  to  exhibit  some  bias  (intended  or  not).  For  example  the  DC 
Energy  and  Transport  study  [18]  paints  a  positive  outlook  for 
renewable  energy  in  Europe  despite  this  being  dependent  on  an 
optimistic  scenario.  This  study,  commissioned  by  the  European 
Commission,  was  then  used  as  support  for  the  European  renew¬ 
able  energy  target  in  the  European  Parliament.  It  is  possible  that 
the  intended  use  of  the  study  may  have  influenced  the  way 
results  were  presented. 

Some  reports  do  not  discuss  the  total  impact  on  the  economy. 
For  example  the  Navigant  consulting  report  [35]  prepared  the  RES 
(Renewable  Electricity  Standard)  Alliance  for  Jobs  states  that 
274,000  more  jobs  will  exist  in  the  U.S.  renewable  energy 
industry  if  a  25%  renewable  energy  target  was  implemented. 
There  is  no  discussion  of  net  employment  effects.  By  only 
focussing  on  jobs  in  the  renewable  energy  industry  it  is  hardly 
surprising  to  find  that  a  mandate  of  25%  renewables  would  create 
more  renewable  energy  jobs. 

In  contrast  both  Giilen  [25]  and  Michaels  and  Murphy  [16], 
both  reports  with  a  U.S.  focus,  conclude  that  renewable  energy 
will  cost  jobs.  Michael  and  Murphy  present  valid  criticisms  in 
their  report  but  they  only  review  four  U.S.  reports.  Giilen  [25] 
presents  an  aggressive  criticism  of  job  creation  of  renewable 
energy  without  considering  what  costs  may  be  avoided  by  using 
renewable  energy  technologies. 

In  addition  to  considering  the  source  of  results,  the  suitability  of 
referenced  results  should  also  be  taken  into  account.  One  such 
example  of  the  poor  use  of  study  results  is  Romero  et  al.  [36], 
published  in  2012,  which  stated  that  an  energy  mix  of  12%  renew¬ 
able  energy  would  generate  500,000  jobs.  This  data  (a  forecast  for 
2010)  came  from  the  TERES  II  study  commissioned  by  the  European 
Union  and  was  published  in  1998  [37].  Is  it  still  relevant  to  reference 
this  report  given  the  changes  in  European  policy,  the  weakening  of 
the  European  economy  and  the  age  of  the  data? 

In  summary  it  is  important  to  consider  who  commissioned  and 
performed  the  study,  what  the  intended  use  is  and  what  sources 
of  information  were  used  to  form  their  results  and  conclusions. 
This  is  particularly  important  when  using  results  from  non-peer 
reviewed  reports. 


5.  Suggestions  and  conclusions 

This  study  has  found  a  wide  variety  in  the  quality  and 
transparency  of  studies  related  to  renewable  energy  and  employ¬ 
ment.  It  is  clear  that  care  needs  to  be  taken  when  presenting  the 
results  of  studies,  defining  clearly  what  the  gross  and  net  effects 
are  and  what  a  direct  and  indirect  job  is. 

There  is  no  single  method  that  gives  the  highest  quality 
results,  although  comparison  of  different  model  results  within 
the  one  study,  as  was  done  in  the  Employ-RES  study  [18],  can  help 
to  support  the  results,  although  in  this  case  care  needs  to  be  taken 
when  using  the  results  due  to  the  reference  scenario  used. 

Studies  that  blindly  quote  employment  benefits  from  other 
studies  may  be  giving  a  false  impression  of  the  potential  benefit  in 
their  region.  It  is  clear  that  job  ratios  vary  widely  between 
technologies,  regions,  countries  and  study  methodologies.  Jobs 
ratios  should  not  be  used  as  evidence  of  job  creation  unless  using 
a  study  specific  to  the  region  and  technology  under  discussion. 

It  is  the  opinion  of  the  authors  that  analytical  studies  deter¬ 
mining  the  number  of  direct  jobs  created  through  the  promotion 
of  renewable  energy  should  rely  on  first  hand  information 
collected  through  an  extensive  survey.  Job  ratios  from  other 
studies  or  regions  should  not  be  used.  It  is  important  to  consider 
the  sources  of  information  and  motivation  for  the  study,  particu¬ 
larly  for  non-peer  reviewed  studies. 

When  conducting  a  study  of  the  impact  of  renewable  energy 
on  employment  on  a  national  or  international  scale  input-output 
methods  are  more  appropriate  as  they  can  model  the  impacts 
across  the  whole  economy,  considering  the  impact  on  both  direct 
and  indirect  jobs.  Flowever  when  evaluating  and  using  the  results 
of  these  studies  it  is  important  that  the  assumptions  of  the  model 
are  considered.  Gross  and  net  impacts  should  be  determined.  It  is 
apparent  that  in  studies  that  present  a  positive  job  growth  due  to 
renewable  energy  the  result  is  usually  reliant  on  strong  policy 
support  and  optimistic  export  conditions. 

Just  as  there  is  no  single  method  for  determining  the  impact  of 
renewable  on  employment  there  is  no  single  clear  result  about 
whether  renewable  energy  positively  or  negatively  effects 
employment.  Promotion  of  renewable  energy  in  one  region  of  a 
country  may  produce  a  net  increase  in  jobs  (such  as  in  [9]), 
slightly  reduce  job  on  a  national  scale  [6]  or  bring  a  slight  net 
benefit  on  an  international  scale  [18].  The  policy  framework, 
dominant  industries  and  energy  mix  of  the  area  being  studied 
play  a  pivotal  role  on  the  potential  of  renewable  energy  to  impact 
employment. 

It  is  also  important  to  acknowledge  that  even  if  a  study 
demonstrates  that  renewable  energy  reduces  net  employment, 
there  may  be  other  potential  benefits  such  as  a  reduction  in  C02 
emissions  or  an  increase  in  energy  security.  In  summary  renew¬ 
able  energy  should  be  not  encouraged  solely  because  of  a 
perceived  benefit  to  employment,  nor  should  it  be  rejected  with¬ 
out  consideration  of  other  potential  benefits. 
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